7-1. The column is fixed to the floor and is subjected to 
the loads shpwn. Determine the internal normal force, 
shear force, and moment at points A and B. 

Free body Diagram : Hie support reaction need not be computed in 
this case. 




Internal Forces : Applying equations of equilibrium to the top segment 
sectioned through point A , we have 150 m 

4zS|=-0; K=0 A ns 

+ TH5=0; N A -6-6 = 0 N a - 12.0 kN A ns 

=0; 6(0.15)-6(0.15) -M A =0 M A =0 Ans 

Applying equations of equilibrium to the top segment sectioned through 
pointfi, we havp 

UlF, =0; V B =0 Ans 

+ f£/J=0; N b -6-6-8 = 0 M s =20.0kN Ans 

+ZM s |=0; 6(0.15)-6(0.15)-8(0.15)4-»0 



<c>M 6kjJ 

0»**L I 







7-3. The forces act on the shaft shown. Determine the 
internal normal force at points A, B, and C. 


Internal Farces : Applying the equation of equilibrium to the left segment 
sectioned through point A, we have 

-+£F X =0; N a -5 = 0 At, = 5.00 kN Ans 

Applying the equation of equilibrium to the right segment sectioned through 
point B, we have 

AS/;=0; 4-AT c =0 N c - 4,00kN Ans 

Applying the equation of equilibrium to the right segment sectioned through 
point C, we have 

-+Z/i=0; At* +4-7 = 0 N,=3.00kN Ans 


5 kN 


PL_ZM _, 4 kN 

sa. B """ . C 


*7-4. The shaft is supported by the two smooth bearings 
A and fi.The four pulleys attached to the shaft are used 
to transmit 1 power to adjacent machinery. If the torques 
applied toi the pulleys are as shown, determine the 
internal torques at points C, D , and E. 



loib-ff^ 


Internal Forces : Applying the equation of equilibrium to the left segment 
sectioned through point C, we have 

.ZM„ =0; 40— T c -0 T c = 40.0lb• ft Ans 

Applying the equation of equilibrium to the left segment sectioned through 
point D, we have 

IAf x =0; 40+15-Jj, = 0 5, = 55.0lb-ft Ans 

Applying the equation of equilibrium to the right segment sectioned through 
point E, we have 

2M, = 0; 10- T e = 0 T e = 10.0 lb ■ ft Ans 


mi 


AC Tc. 


40 Ib-jt 

' p 









7-5. Hie shaft is supported by a journal bearing at A 
and a thrust bearing at B. Determine the normal force, 
shear force, and moment at a section passing through (a) 
point C, which is just to the right of the bearing at A, and 
(b) point D, which is just to the left of the 3000-lb force. 



Prob. 7-5 


I.+IM, *|0i 


UzF x = 0; 

+ fs^ = ?; 


(,+iMc =|0; 


^ = 0 ; 

+ tEF = 0; 
7 ■ 




= 0 ; 


AlF, = 0; 
+ t£ij = 0; 


-,4,(14) + 2500(20) + 900(8) + 3000(2) 
4, = 4514 lb 

B x =0 

4514 - 2500 - 900 - 3000 + B y = 0 

B y = 18861b 

2500(6) + Me = 0 

M c = -15 000 lb-ft = -15.0 kip-ft 

N c = 0 


= 0 
^sootl 

i 


f 


ifr »f t 


loolk j,oootb 

±_ 

t 




3,50OU 

l_ I A, 

Ans . - 

til | Vc 

9,51*14, 

Ans 


-2500 + 4514 - V c = 0 


V c = 2014 lb = 2.01 kip 

-M d + 1886(2) = 0 

M d = 3771 lb-ft = 3.77 kip-ft 

N 0 = 0 

tji — 3000 + 1886 = 0 


Ans 


Ans 

Ans 


3,00011, 

m,y, I 

v, r— 


3tt j 

liltWt, 


V D = 11141b = 1.11 kip 


Ans 









7-6. Determine the internal normal force and shear 
force, ajnd the bending moment in the beam at points C 
and D. Assume the support at 5 is a roller. Point C is 
located|just to the right of the 8-kip load. 


Support Reactions : FBD (a). 

(+S*^= 0; B, (24) + 40 - 8(8) =0 B, =1.00kip 

+ If ZF t '* 0: A, + 1.00-8 = 0 A y =7.00kip 
-A XF x =Q A, = 0 

Internal forces : Applying the equations of equilibrium to segment AC 
[FBD (b)] p we have 

=0: N c =0 A ns 

+ Tlty=0; 7.00-8-V c =0 V c = -1.00kip Ana 
('+SAf c =0; M c -7.00(8) =0 M c = 56.0 kip • ft Ans 
Applying the equations of equilibrium to segment BD [FBD (c)[ , we have 


-»i/;=0; N 0 = 0 

+ tX/y=0; K„ + I.00 = 0 V D = -1.00 kip 

C+XW o =0; 1.00(8) +40-8^, = 0 

M a = 48.0 lap ■ ft 


C and^ term,ne the Shear f ° rCe 3nd mornent at Points 


I*-8ft — 


40 kip • ft 

■"<K. 


40 fc>j t 


0ft \m 1 
(a) 3* 



Byjao k7p 

t^Vp 4c«p-k 

to 


By/ 00 tip 


Support Reactions : FBD (a). 

O’ Oi, = 0; 500(8) - 300(8) -A, ( 14) = 0 

A r - 114.29 lb 

f^=° ; "c=0 Ans 

+ TZ/ > =0: • 14.29 - 500 - VJ. = 0 = -386 lb Ans 

(+XM c =0; +500(4)-U4. 29( 10) = 0 

Af c = -8571bft Ans 

Applying the equations of equilibrium to segment® [FBD (c)J , we have 

^=°= No =0 Ans 

+ t£^=0; V D -300s= o V D = 300 lb Ans 

£+XM o = 0: -M d -300(2) =0 m d = -6001b-ft Ans 


- 6 ft ■+*— 4 ft 4- 4 ft ~4 - 6 ft 


5< \° * 4001b 300 Ik 


I r 8ft J 8ft 

< {*) D l 



!jT | 1 ^ ch 

p* T 4ft 3 

A* »/ 14 11 Ik rAp 

CCJ *4 Hfc 







*7-8. Determine the normal force, shear . 

moment at a section passing through point C /fiSeS 


0.8 kip/ft 


66 Hn~ i - 12ft 


12 ft-W-6ft 


_J + 


B, = 17.1 kip 


l0 /V_r V 9k\r 
LUXIjJ 


8 kip 

-*LF X = 0; 

O 

M 

if 1 n 

Ll 

+ tZ^ =0; 

Ay - 10 - m +17.1 -8 = 0 



= 20.1 kip 

^ =0; N c = 0 A ns 

+ t 3 ^ = 0; y c _ 9. 6 + 17.1 _ 8 _ 0 

Vc = 0.5 kip A ns 

(. +XM C = 0; -M c - 9.6(6) + 17.1(12) - 8(18) = 0 
M c = 3.6 kip-ft A ns 


Q| ^ f Tr * 1 j 




7-9. Determine the normal force, shear force, and moment 
at a section passing through point D. Take w = 150 N/m. 



= 0; 

-W, = 0; 

+ Tnj = o; 

4% = 0; 

+ t2^ =0; 


-1S0(8)(4) + |lj c ( 8 ) = 0 
Sc = 1000 N 


A, --(1000)= 0 


A, = 800 N 

A, - 150(8) + |(1000)= 0 

A, = 600N 

I'd = -800 N 

600 - 150(4) - V„ = 0 


-!— j j j 

Alls ^ 14 , 


(. +Z*f 0 = 0 ; -600(4) + 150(4)(2) +44 = 0 

= 1200 Nm = 1.20 kNm Ans 


7-10. Hie beam AB will fail if the maximum internal 
moment at D reaches 800 N • m or the normal force in 
member BC becomes 1500 N. Determine the largest load w 
it can support. 



Assume maximum moment occurs at D\ 
t = 0; M D - 4w(2) = 0 
800 = 4w(2) 

l 

w = 100 N/m 

t +m A = ft -800(4) + r JC (0.6)(8) - 0 

t bc = 666.7 N < 1500 N (O.K!) 
w = 100 N/m Ans 


iar 

r ~ l 1 




p 


V, 

2 f 


goo/l 



f 4 *»\ 

A J 



7-11. Determine the shear force and moment acting at 
a section passing through point C in the beam. 



(+ZM; = 0; 


->ZF X = 0; 

(. +X Me = 0; 


+ t2f v = 0; 


-.4,(18) +27(6) = 0 
A, = 9 kip 

A, = 0 

-9(6) + 3(2) + M c - 0 
Mg = 48kipft Ans 

9-3 - V c = 0 
V c = 6 Up Ans 


37kif 


Hi ■ 


., - - " 


t 

r 


6 3 

1 ' 

iri 


Skif 

'M 


ik 


r—* » i 

1 ilLx 


V. 


Afr aft 









—— Deternjune the normal force, shear force., anH 
moment at a section passing through point E of the two- 
member frame. 


IRIIJjll 


400 N/m = 0: -1200(4) - ±f, c(6 ) 3 q 



fic = 2080 N 

^ = 0; - Ne _ i| (2 080) = 0 

Ne = ~ 1920 N = -1.92 itN A „ 

+ Tj^ =0; Ifc - ^(2080)= 0 

’ 4 = 800N Ana 

1 = ° : -B(2080)(3) + §<2080)(2.5) - M E = 0 

*4 = 2400 N-m = 2.40 kN m Ans 


n £ *4-|= 


3m 











7-16. The strongback or lifting beam is used for 
materials handling. If the suspended load has a weight of 
2 kN and a center of gravity of G, determine the 
placement d of the padeyes on the top of the beam so 
that there is no moment developed within the length AB 
of the beam. The lifting bridle has two legs that are 
positioned at 45°, as shown. 


0.2 m j | 
0.2 m j j 



Support Reactions : From FBD (a). r 

( + 2*4 = 0; /£(6)-2(3) = 0 F £ = 1.00 kN BE 

+ T 2^=0; />+1.00-2 = 0 F f = 1.00 kN 

From FBD (b) , 

-♦ 2^1 = 0 ; F AC ms 45° - F lc cos 45° = 0 F AC = F BC = F 

+ 12/5=0; 2Fsin 45°- 1.00-1.00 = 0 

F bc =F = 1.414 kN 

Internal Forces : This problem requires A 4 = 0. Summing momenrs about 
pomt H of segment BfiffFBD (c)], we have 

(+2*4^0; 1.00(</+jr) — 1.414sin45°(jr) 

- 1.414cos 45°(0.2) = 0 
d = 0.200 m A ns 



f B o 


1 

F £ -/-0 Ft! Cff ) 





Deteiinine the normal force, shear force, and 
moment acting at a section passing through point C. 


(. +ZM a =0; - goo (3) - 700(6 cos30°) - 600 cos30°(6 cos30° + 3cos30°) 

+ <*X>s*m3 51030°) + B,(6cos30° + 6 cos30°) = Q 




By =927.4 lb 


^ = 0; 800 sla30° - 600 sin 30° - 4=0 


1.5 tL*\, 


7-18. Determine the normal force, shear force, and 
moment acting at a section passing through point D. 


A, = 100 lb 


/ tZFy _ 0; 4 - 8 OO cos30° - 700 - 600cos30° + 9274 = 0 

w 

Ay = 985.1 lb 

S+ZF X =0; N c - 100cos30° + 985.1 sin30° = 0 

N c = -4061b Ans 

+N =0; 100 sin30° + 985.1cos30°- V c = 0 looit ’ ■ 

v c = 903 lb Ans 

(, +2Af c = 0; -985.1(1.5cos30°) - 100(1.5 sin30°)+ M c = 0 


Toon 

SOOtt is 6ofttt 

1 1 


fflc U, 

lOOit 

.t 

ISSJli 


M c = 1355 lb-ft = 1.35 Idp ft Ans 



l+H4 “ * ~ 800(3) - 700(6 cos30°) - 600 cos30°(6 cos30° + 3cos30°) 

+ 600sin30°(3 sla30°) + ,B,(6cos30° + 6 cos30°) = 0 


By = 927.41b 


Tool! 

toolt loott 


+ Off >g*r 

= °: 800 sin30° - 600 sin30°- A x = 0 *^5? 

4 = 100 lb 

"3 

+ - 0, Ay - 800 cos30° - 700 - 600cos30° + 927.4 = 0 

4 = 985.1 lb 

=0; N d + 927.4sin30° = 0 

Af c = -4641b Ans 

''+'ZF y =0; V D - 600 + 927.4 cos 30° = 0 

V D - -203 lb Ans 

(+£W 0 = 0; -«b - 600(1) + 927.4(4 cos30°) = 0 

U D = 2612 lb-ft = 2.61 Hp ft Ans 


$9 fte y> lOCU 









7-19. Determine the normal force, shear force and 

—* 2 SeCt ' 0n PaSSing thr ° Ugh P° int C - Take 



l+EkC, = 0; 

-7*0.6) + 8(225) = 0 



T= 30 kN 


-*ZF X = 0; 

4 = 30 kN 


+ t2^ = 0; 

Ay = 8kN 


—= 0; 

-N c - 30 = 0 



N c = -30 kN 

A ns 

+ TLF y = 0; 

V c + 8= 0 



V c = -8 kN 

Ans 

t, +ZM C = 0; 

-M c + 8(0.75) = 0 



M c = 6 kNm 

A ns 



m< v, 
He fi 


o.75m J 
tM 


-30)ol 


*7-20. The cable will fail when subjected to a tension of 
2 kN. Determine the largest vertical load P the frame will 
support and calculate the internal normal force, shear 
force, and moment at a section passing through point C 
for this loadirig. 



l+EM, = 0; 

-2(0.6) + P( 225) = 0 



P - 0.533 kN 

Ans 

4zi; = 0; 

A, = 2kN 


+ tar = 0; 

4 = 0.533 kN 


4zi; = 0; 

o 

II 

Ol 

1 

# 

1 



N c = -2 kN 

Ans 

+ TX/J = 0; 

-Vfc + 0.533 = 0 



V c = 0.533 kN 

Ans 

l +ZM C = 0; 

-M c + 0.533(0.75) = 0 



M c = 0.400 kN m 

Ans 










7 ' 2 }' determine the internal normal force, shear force, 
and bending moment in the beam at point B. 


Free body piagram , The support uA nmlnolbe 


Internal Farces ; Applying the equations of equilibrium to 
we have 


->W*=0; N„=0 

+ ti^=0; V s — 28.8 = 0 VJ = 28.8 kip 

(+1*4=0; -28.8(4)-*4 =o 

j M t *-115 kip-ft 


segment CB, 



-(4fy>)0l)=Z3-8 Kf 



7-22. Determine the ratio of alb for which the shear 
force will be zero at the midpoint C of the beam. 


Support Reactions : . From FBD (a), 

C<-a»4j = 0: i( 2 *+*>»[j(b-4]-Ay ( b)~ 0 

A r = ^( 2a +l>)(b-a) 

Internal Forces : This problem requires V - fi c 

vertically (FBD ;(b)J, we have ^ C “ °' Summin g forces 



, -t(4Aib)yr , 

i(zbta) y /TiCb-a.) 




-( 2 a+b)(b-a) = j ( 2 a+ b ) 




gA 

H VrO 


f b/Re 1 ^ 

^■(Zafk)Cb-A) 












7 -23. Determine the internal normal force, shear force 
and bending moment at point C. 


Free body Diagram : The support reactions at A need not be computed. 

Internal Forces : Applying equations of equilibrium to segment BC we 
have | ’ 

-»I^|=0; ~40cos 60°4W C = 0 N c = 20.0 kN A ns 
+ Tl/r=0; V c -24.0-12.0 - 40sin 60° =0 


C +£W cf 0; -24.0(1.5)-12.0(4)-40sin 60° (6.3) — Af c =0 

M c = -302 kN • m Ans 



24. The jack AB ,s used to straighten the bent beam 
ut using the arrangement shown. If the axial 

,nTrn r a T SIVe f ° rC !, in the jack is 5000 Ib - determine the 
t ™ omcnt de v eloped at point C of the top beam. 
Neglect the weight of the beams. 


Segment : 

=0; Me + 2500 (10) j. 0 


t Iff 


’ I » 

Me * -25.0kip ft Am ifOOlfc Sboolb ^rewlt 


|2ft 

-10 ft-__ 

>_ . . . <1 A 





--10ft- 

. J 


u 












7-25. Solye Prob. 7-24 assuming that each beam has 
uniform weight of 150 !b/ft. 


l$0(24)~3LO0 14 


Beam: 

+ T IF, = 0; 5000 - 3600 - 2* * 0 

R - 7001b 

Segment: 

(-234 =0; Me + 700(10) + 1800(6) - 0 
Me = -17.8lop- ft Ana 


| /a/f-j 

^ S'ooolk ■jj 


>o'4t 'K. 


tSooth 

iit 


W 

7GO/i Vt 




\+114=0; i(1.5)(12)(4)-A,(12)=0 

Ay = 3kip 
B,= 0 

+ t22?=0; B,+3-i(1.5)(12) = 0 


♦ 

B y = 6 kip 


-+2f; =0: 

n d =o 

A ns 

+ Tb; =0; 

3-i(0.75)(6)-V o =0 



It = 0.75 kip 

Ans 

(+234=0; 

34 +1 (0-75)(6)(2) — 3(6) 

= 0 


34 = 13.5 kip fl 

Ans 

Z*TF X =0; 

34 = 0 

Ans 

+ THJ =0; 

-V e -3-6 = 0 



V e = -9ldp 

Ans 

234 = 0; 

34 + 6(4) =0 



it MOV *r 


3 )< 


£0?S)'i) *'[> 






Af £ =-24.0 lap ft 


Aik 














7-27. Determine the normal force, shear force, and 
moment at a section passing through point D of the two- 
member frame. f,+Sif A = o- 

400 N/m 


2ooN/pi rTTTI 

B 

—*XF x ~ 0; 


, „ tow 



-1200(3) - 600(4) + f^F BC (6) = 0 
= 2600 N 


A . = —(2600) = 2400 N 


+ t = 0; A, - 1200 - 600 + -1(2600) = 0 T' 

1^ OlifWJ ^_.!_ 4 !| 


-+2F, = 0: 


+ T&J = 0; 


A, = 800 N 


N„ = 2400 N = 2.40 kN 


800- 600 - 150 - V D = 0 


Vb = 50 N 


800 ) 


(,+ SM 0 = 0; -800(3) + 600(1.5) + 150(1) + m d = o 

AT 0 = 1350 N-m = 1.35 kN-m 


*7-28. Determine the normal for c e, shear fnrm, at.^ 
moment at sections passing through points E and F 
Member SC is pinned at B and there is a smooth slot in 
it at C. The pih at C is fixed to member CD. 


t+a/, =0; -120(2) - 500 sin60°(3) + q (5) = 0 


350 Ib-ft 


E B, 


= 0 ; 


IIM " 

h2ft-H^2:ft+-3ft-4-2ft4-4ft--j-2ft--| + TZ/J = o; 


c y = 307.8 lb 

B, - 500 cos 60° = 0 
8 X = 250 lb 

8,- 120- 500 sin60° + 307.8 = 0 


U0 J* .Soon, 

- AV » 


-»2^ = 0; 


8, = 245.2 lb 


— N* — 250 » 0 


Afe = -2501b 


rv * 


3ft Jfr 


2ft I 

JVUH 


+ Ta; =0; V E = 2451b 

(,+ar £ = 0; -3/ f _ 245.2(2) = o 


= -490 lb-ft 


= 0 ; N r = 0 

+ TZ^ =0; -307.8- = o 

= -308 lb 

(, + ar, = 0; 307.8(4) -f M F — 0 


m f -1231 lb-ft = -1.23 ldp-ft 








7-29. Determine the internal normal force, shear force, 
and the moment at points C and D. 


Support Reactions : FBD (a). 


("+ 1M a = 0; B, (6+6cos 45°) -12.0(3+ 6cos 45°) = 0 

B, = 8.485 kN 

+ t^=0; Ay +8.485-12.0 = 0 a, = 3.515kN 
-* ^ = 0 a, = 0 


^^ AC 


S+£F X .= 0 ; 3.515cos 45° - VJ. = 0 ^ = 2 .49kN An, 

V^,-=0; 3-5I5sin 45°-A^ = 0 N c = 2 . 4 9kN An, 


C + - 0; Me - 3.515cos 45° (2) = 0 
M c = 4.97 kN • m 


Ans 


Applying the equations of equilibria™ «, sc gmaitBD (FBD (c)] . we have 


-»%=0; At 0 =0 

Ans 

+ T ^ =0: + 8.485 - 6.00 = 0 VJ, = -2.49 fcN An, 


C +XM P = 0: 8.485(3) -6( 1.5) -M D = 0 

M a = 16.5 kN • m 




I 


Ans 









i 7-30. Determine the normal force, shear force, and tm> 
;inent acting at sections passing through points B and C 
on the curved rod. 

/+t F, = 0; 400 sin 30° - 300 cos 30“ 4- N, = 0 

Nb = 59.8 !b Ans 

+\ X F y = 0; V„ + 400 cos 30“ + 300 sin 30° = 0 

Vb = -496 lb Ans 

4 4-XA/s — 0; M a + 400(2sin 30°) 

+ 300(2 - 2 cos 30°) = 0 
Mu = —480 lb-ft Ans 

Also, 

^ +XM 0 = 0; - 59.81(2) + 300(2) + M B =0 

M„ = -480 Ib-ft Ans 

| 4-XF,. = 0; A, = 400 lb 
|+t XF,. =0; A y = 300 lb 
^'4-SAf,, =0: M A - 300(4) = 0 



300 lb 


/ + £ F y =0; V c ~ 4(X) cos 45° -f- 300 sin 45= 0 

Vfc = 7 <>- 7 Ans 

44 -ZMc = 0: -M c - 1200 - 400(2sin45") 

+ 300(2 - 2 cos 45°) = 0 


M c = -1590 Ib-ft = -1.59 kip-0 Ans 


Also. 


M a = 1200 Ib-ft 


4- \ X F, = 0: N<- 4- 400 sin 45° 4- 300 cos45° = 0 


N c = -495 lb Ans 


7-31. The cantilevered rack is used to support each end 
df a smooth pipe that has a total weight of 300 lb. Deter¬ 
mine the normal force, shear force, and moment that act 
in the arm at its fixed support A along a vertical section. 


Pjpe: 


+i f X F y = 0; N s cos 30“ - 150 = 0 
N s = 173.205 lb 

Ruck: 

XZF, = 0; — N a 4- 173.205 sin 30“ = 0 

N a = 86.6 lb Ans 

4 t £Fv = 0; V A — 173.205 cos 30“ = 0 

Va = 150 lb Ans 



4- X Ma — 0; 


M a - 173.205(10.3923) =0 


f 4 -XMo = 0; 495.0(2) + 300(2) 4- M c = 0 


M c = -1590 Ib-ft = -1.59 kip ft Ans 



M A = 1800 lb-in. 


Ans 









7-33. Determine the internal normal force, shear force, 
and bending moment in the beam at points D and E. Point 
E is just to the right of the 4-kip load. Assume A is a roller 
support, the splice at B is a pin, and C is a fixed support. 


0.5 kip/ft 


Support Reactions : Support reactions at C need not be computed for 
this case. From FBD (a), 

(4 = 0; 6.00(6) -A, (12) = 0 A, = 3.00 kN 

+ T Z/J = 0; B, +3.00 - 6.00 = 0 B y =3.00kN 
■f>&v=0 B,= 0 

Internal Forces : Applying the equations of equilibrium to segment AD 
[FBD (b)l, we have 


B \E c 


6 ft -4— 4 ft -4 * 4 


=0; N o = 0 A ns 

+ TJ^=0; 3.00 - 3.00-V£> =0 V D = 0 An* 

f + j m 0; M d - 3.00(3) = 0 M D = 9.00 kN • m An* 

Applying die equations of equilibrium to segment BE (FBD (c)| , we have 
-*1^=0; N £ = 0 A ns 

+ tZF f =0; -3.00-4-P £ = 0 V £ = -7.00kN An* 

C+U f £ = 0; M s + 3.00(4) = 0 *f £ =-12.0 kN-ra An* 




J *ft 1 6ft '\ 

<«•> H 

0-5(L)-i-0 kip 


11 


-Up (b) 


1 JT'Jh \ 


A| j~3o kip 
By5'0 tip 4 tip 


hsrl 


A «-> 















7-35. ^ Determine the distance a as a fraction of the 
beam’s length L for locating the roller support so that 
the moment in the beam at B is zero. 



+ SAf, = 0; - P ^ y - «j + Cy(i - a) + Pa = 0 

* r _ 



L-a 





■ 0 r b ‘r d »■ 

jnler „i Z S foZ" Z?Zt!Z 

moment in be arch at 6 = 45 °. * ’ d 

R«*nlttnt) of distributed load ; 

F " ’ - r* o (-co.0)J o * - r^d-cosS) 

flr, -./ o *H^(rd«)cojtf » r * 0 ( 000 ) 1 * « , Wo(jintf) 

" £ w '( rd9 > r -f 3 **# 

At 0 a 45° 

i 

“ ft -K+/i,co *0 - ^,sin 0 , o 

V » 0.2929r h - 0 coi 45» - 0.707r »» jia45" 

| V- -0.293r,, Anf 

+\X^, » <fc N+F t ,cos0 + Ff,an0 * 0 

■ N m ~ MWrwt sin45°- 0.2929/- Wo cos45« 

| At- -0.707 rw 0 Am 

- 0; -M + r 1 w 0 (f ) + (-0.707 r *oXr) ~ 0 

Af — —0.0783 r 1 wg An* 







0.797^ 


7-37. Solve! Prob. 7-36 for 6 = 120°. 





Resultants of distributed load; 

F*. « / o 'w o (rd0) sin® - r wg(-coi0)|* - rw o (l-cos0) 
” J^"'o(' , <f6) cos® » rwg(sin0)j* » rw«(sin0) 

Afr» * J \fwo(rdO)r * r*w o 0 
At0» 120". 

Ait* -rn-a(1-cos 120")- 1.5rwg 
fits - r woiin 120" - 0.86603 r » 0 
+/ZF* * ft At+ l.J rtvoOtu 30"-0.86603/-wostn 30°-0 
At --0.866 r tuj An* 

A* f r » 0 ; V+1.5 rwosin 30"+0.86603 rw 0 cos 30 "-0 
V* -1.3 rw 0 A ns 

(+IMo - ft -M+r 2 w 0 +(-0.866 r w 0 )r a 0 










pm iSIfSW’lfS * ■"’’ v * *'' * 

Fi = {350j p 400k} lb and F 2 = (i 50 i - 30 0k} lb. ^ F<7 = {_1501 " 350j + 700k} * 



2M, = 0; 


c x = -1501b 

Ans 

C y = -3501b 

Ans 

c; = 7001b 

Ans 

Me + r cl X F, + t a x 

F 2 = , 


■f ' U*ii i :j., 

lo 350 -tool 1 150 0 -3001 


Me = {14001 - 1200J - 750k} lb-ft 

M Cx = 1.40 kip-ft Ans 

Me, = —1.20 Itip-ft Ans 

= -750 lb-ft Ans 



U f <- 

> 


F\ 




7-39. Determine the x, y, z components of internal 
loading at a Section passing through point C in the pipe 
assembly. Neglect the weight of the pipe. Take 
F a = (—801 + 200j - 300k} lb 
and F 2 = {2501 - 150j - 200k} lb. 


XF, =0; F c + F, + F 2 = 0 

F c = {-1701 - 50j + 500k} lb 

j • ■■■■■.:■■ . 

Q = “ *70 lb Ans 

Cy = - 501b Ans 

C t ~ 500 lb Ans 

EM, = 0 ; Me + r cl x F, + re, x Fj = 0 









*7-40. determine the x, y, z components of force and 
moment at point C in the pipe assembly. Neglect the 
weight of the pipe. The load acting at (0, 3.5 ft, 3 ft)is 
F, = {-241 -10k) lb and M=(-30k) lb • ft and at point 
(0,3.5 ft, Q)F 2 = {-80i)lb. 



Frtt body Diagram : The support reactions need not be computed. 

Internal Forces : Applying the equations of equilibrium to segment BC, 
we have i 

4 =0; (Vc) x -24 - 80 = 0 (V C ) M = 1041b Arts 

4=0; N c = 0 A ns 

4=°; CK:)* -10 = 0 (Vc)j = 10.0lb Ans 

J4=0; (A/ c ), -10(2) =0 (,M C ) X =20.0 lb ft Ans 

4,=0; (A^),-24(3)=0 (Mc\ — 72.0 lb ■ ft Ans 

1A£=0; ibi c ) l +24(2) + 80(2) —30 = 0 

(M c ) z =-178 lb ft An* 


Ans 


JOIb-ft. 



'MikJ* 

Ans 


■ 

Ans 

Ans 


J* 

Ans 

Ans 

* H ^ 
OH 

80 a 






Deti 


7-41. 

moment at 
of the pi; 

{—30Qj+ 150k) lb. 


.ermine the x, y, z components of force and 
point C in the pipe assembly. Neglect the weight 
ipe- Take F, = (350i-400j) lb and F 2 = 


Fnt body piagram : The support reactions need not be computed. 

Internal Forces : Applying the equations of equilibrium to segment BC, 
we have 


^ -0; N c + 350 = 0 N c = -350 lb An* 

^ -°: ( v c), -400- 300 = 0 (V c ) f *700lb An* 

2^=0; (V e ) l + 150 = 0 (V c ) t =_l501b An* 

0; +400(3) = 0 

(Me), =-1200lb ft = -1.20kip ft An* 


ZM, = 0; (Af c ) r +350(3) -150(2) = 0 
(Me), =-750 lb ft 


ZM, 4 0; 


(Me), —300(2) —400(2) = 0 

(M c ) l m 1400lb-ft = 1.401dp-ft 


An* 


An* 





7-43. Draw the shear and moment diagrams for the 
cantilevered bfeam. 

/•"...ft 







For 0Sx< 5 ft: 

+ T2/>=0: 100-V=0; V = 100 An* 

Q-ZM = 0; M- !00r+ 1800 = 0; M = 100 x - 1800 An* 
For 5<jtS 10ft: 

+ Tl F, « 0; 100-V=0; V« 100 An* 

(t-ZM m 0; M- !0Or+1000 = 0; 3f» 100x- 1000 An* 


lift li-ft 













0 


7-45. Draw the shear and moment diagrams for the F n< < £ 

i_ /.A *j. ' i _ __ . r ^ __\ . *“* 0 ^ 7 


beam (a) in terms of the parameters shown; (b) set 
M 0 = 500Nrm, L = 8m. 




For 



For 


+ TX/J =0; 


U2A/ = 0: 


£ 2 £ 

- < x < — 
3 3 


+ T2iJ =0; 


UMf = 0; 


2L 

— < x S £ 
3 


0 V 
F = 0 

itf = 0 

4- n 


Ans 



i-A-e-p" 


i i 

°i<—_ % 

1 A 1 k * JL H 


V = 0 
M = M 0 


Ans 

Ans 






+ Tsjr =0; 

V = 0 

Ans 

(.+«/ = o; 

o 

II 

* 

Ans 

Set Af„ = 500 Nm, L = 

8 m 


g 

For 0 S x < - m 

o — ... 


1 

P 

3 

0 

V 

+ T1/5 = 0; 

F = 0 

Ans 


■ Sw,kn Soon.*! 


= 0; Af = 0 


An 


„ 8 16 
For rm<jt< — m o . 
3 3 


» sooitn 

-£TL 


+ t£^ 


o * 
0; F = 0 


=#=|3m 


V 

Ans 



C+2M = 0; M = 500 Nm 


Ans 


16 


For y m < r S 8m 


q= 


+ t£/? =0; V = 0 
r+ZM = 0; Af = 0 


Ans 

Ans 


7-46. If {L = 9 m, the beam will fail when the maximum 
shear force is V^, = 5 kN or the maximum bending 
moment is - 2 kN • m. Determine the magnitude 
M 0 of the largest couple moments it will support. 


See solution to Prob. 7 -iS 
Af„„ =\ M„ =2 kN m Ans 











1.5 kN/m 


*7-48. Draw the shear and moment diagrams for the 
beam. 

Support Reactions: 

4”= 0; Cv(3) - 1.5(2.5) = 0 C, = 1.25 kN 
+ tSf. = 0; A y - 1.5+1.25 = 0 A, = 0.250 kN 
Shear and Moment Functions: For 0 < x < 2 m [FBD (a>|, 

+ f £ = 0; 0.250 - V = 0 V = 0.250 kN Ans 

M - 0.250* = 0 W = (0.250*1 kN-m 

Ans 

Ror 2m < *< 3m (FBD (b)|, 

+ f 2f. =0; 0.25 - t,5(* — 2) — F = 0 


V = (3.25 — 1.50*) kN Ans 

' I' 

-jf +ZM = 0; 0.i5* - |.5(* - 2) - M =0 

M = (-0.750** + 3.25* - 3.00) kN m Ans 

7i49. Draw the shear and bending-moment diagrams for 
the beam. 

Support Reactions: 

^+ZM o =0\ 1000(10) -200- A.(20) =0 A, =490 lb 

Shear and Moment Functions: For 0 < * < 20 ft (FBD (a)|, 
j+ T = 0; 490 - 50* - V = 0 

V = (490 — 50.0*} lb Ans 



50 Ib/ft 



; 


200 


^■+SAf = 0; M + 50* (i) - 490* = 0 

M - (490* - 25.0**) lb ft Ans 

i 

Fof 20 ft < * < 30 ft (FBD (b)|, 

+ ,l £f,=0; F = 0 Aas 























7-53. Draw the shear and bending-moment diagrams for 
each of the two segments of the compound beam. 

Support Reactions : From FBD (»), 

(+ZM a =0; B r (12)- 2100(7) = 0 B y - 12251b 
+ TZF, =0; A y + 1225 - 2100 = 0 A, =875 lb 

From FBD (b), 

£+2j}f o = 0; 1225(6) -C, (8) = 0 <;=918,751b 

+ TX/J=0; D y +918.75- 1225 = 0 D y = 306.25 lb 

Shear and foment Functions : Member AB. 

For 0<;*<I2 ft [FBD (c)J, 

+ t = 0; 875-150*-V = 0 

V* {875- I50r) lb Ans 

(+£Af = 0; Af+150*^-875* = 0 

Af={875*-75.0* : } lb ft Ans 

For 12 ftci £ 14 ft [FBD (d)] t 

f ’ 

+ tZf$=0; V-150(14-*)=0 

V = {2100-150*} lb Ans 

^+ZM = 0; -150(14-jc)^iilij-j»f = o 

A/= {-75.0c*+ 2100*-14700} lb • ft Ans 
For member CjBD. 0 S x < 2 ft [FBD (e)], 


+ T2F, =0; 918.75- F = 0 V = 919 lb Ans 

^+IW:=0; 918.75*—4f = 0 M = {919*} lb-ft Ans 


150 lb/fit 



(•-10 ft- 


1 2 ft 1 2 ft 


" _ 5r't m 


LA) 


.--I2Z5 It 


pST at | 

C t », P f 


rrr 

V s75 ' 4 (a 


15004-%) 

* /rp 


<^» 9l87Sib 


For 2 ft < * S 8 [FBD (f)], 

+ T£/y*0; V+306.25 = 0 V-3061b 

+ ZM- 0; 306.25(8-*)-M = 0 

M- {2450-306*} lb ft 

V(lfc) 

! W5 — 

_ — 1 -f—xCf* 

-3o6-zs 

1637-5 

I — x(H. 

° z a 


















7-55. Draw the shear and moment diagrams for the 
compound beam. The beam is pin-connected at E and F. 


Supporf Reactions : From FBD (b), 

f*- T ^=0; + = o E, = — 


From FB!D (a). 




From FBD (c). 


c~*-* 

*1tF,-0i * + Z^-±^_^_ 0 o _ lOwL 

' 18 3 6 0 B J~ — 

Shear and Moment Functions : For OS* < L [FBD (d)] 

+ ^= 0 ; l ?±- wx - Vs0 

18 

''=^( 7 ^-I8x ) 

(VS« = 0; " + ^g)-^ = 0 

«=^(7Lr-9, 2 ) 

For LZx < 2£,[FBD (e)]. 


+ tlF =0; — + XOwL 

■ 7 IO A 


wx - V = o 


V=-OL-2x) 




For 2L <x, s 3t[FBD (1)], 

+ T ^= 0 ; V +™- w(3L _ x)=0 

y=^WL-l&t) Ana 

f t a/=°; ~(3L- x )- wi 3L-x)(^Zf.y M = 0 

M = T§( 47Lx ~ 9x *-60L 2 ) Ans 














*7-56. [Draw the shear and moment diagrams for the 
beam. 


Support tie act ions : From FBD (a). 

£+ 'LM, = 0; 9.00(2) -A, (6) = 0 A, = 3.00 kN 

Shear and Moment Functions : For 0 S * S 6 m (FBD (b)], 


+ ; 


TZF=0; 3.00- — -V = 0 
y 4 




kN 


The maximum moment occurs when V = 0, then 

0 = 3.00-x = 3.464 ra 

4 


f+IAf-0; M + ^j(i)-3.00* = 0 

M = |3.0Qr-^|kN-m 


Ana 


Ans 


3 464 1 

M... = 3.00(3.464) —* = 693 **' ra 


Thus, 















7-58. The beam will fail when the maximum internal 
moment is M ral . Determine the position x of the 
concentrated force P and its smallest magnitude that will 
cause failure. 


P 



For l; < x, 

„ n(L-x) 

: : 1 ~ L 

For S, > k, 

| M 2 = -j(L-S) 

Note that M, = A/j when x — 

= M, = M 2 = Y^"*> 

= -(L-2x) = 0 
ifa t 

Thus, 


Ans 


Ft t. Ft 
A* m « = X ( 2 )(Z/_ 2 ) “ 2 ( 2 } 


P *= 


EZ 


l 


l-r f 
Ei 






f 5 V, 


Kt-0 




Ans 









7-59. Draw the shear and moment diagrams for the beam. 


Support Reaction! : From FBD (a) 


Shear and Moment Functions : For 0 £ x < 12 ft (FBD (b)] 



For 12 ft<iS24 ft (FBD (c)] 


4 kip/ft 














*7-60. Draw the shear and bending-moment diagrams 
for the beam. 


300 N/m 



Support Reactions : From FBD (a). 


QTM a =0; A y (3)+ 450(1) - 1200(2) =0 A, = 650 N 

Shear and Moment Functions : For 0 S x < 3 m [FBD (b)], 


+ t£/£=0; -650-SO.Or 2 -V=0 

V= {-650 - 50.Qr 2 } N Ans 

( + £M = 0; il*+(50.(lt 2 )Q)+65Gx = 0 

M= {-b5Qr- 16.7 j: j } N-m A ns 

For3im<*S7 m(FBD(c)], 

I + T ZFy = 0; K-300(7-jr) = 0 

V = {2100 - 300*} N Am 


|£+ZM = 0; - 300(7= 0 


M= {-150(7-jc) 2 } N m 


4< 3a * 3 i*# i 3oot*> -ttOotJ 


2 T\ T/ m p J Zm 

* V 

-Z-000£XX.)*50’CX. 1 


<!00X. 

r'liv 


IM Or) 


Ai,*<cS0H 


cc; 


3oo(7-xJ 





MCW-m) 








7-61. 


. | Draw the shear and moment diagrams for the beam. 

I 


Support Reactions : From FBD (a). 

Shear and Moment Functions : For 0 £jr S i[FBD (b)], 

+ T ZF f = 0; = 0 

Ans 

The maximum moment occurs when V = 0, then 

0 = 4£, 2 -6Zj:-3x 2 x = 0.5275/, 

M = -^(4L 2x ~3U 2 ~x 3 ) Ans 

Thus, ; 

w "“ = Y^[4L ! (0.5275i.) -3t(0.5275« 2 - (0.5275Z.) 3 ] 

= 0.0940wt 1 










7-62. Draw the shear and moment diagrams for the beam 
fa) in terms of the parameters shown; (b) set P = 800 lb 
a - 5 ft. L = 12 ft. 


For 

0 < x < a 




+ f £ F y = 0; 

V = P 

Ans 


^ + = 0; 

a: 

ii 

V 

Ans 

For 

a < x<L-a 




+ f £F, =0; 

V =0 

Ans 


= 0; 

—Px + P(x — a) + M = 0 




II 

Ans 

For 

L — a < x < L 




+ t 5:f, = 0; 

V = -P 

Ans 


^■ + £A/ = 0; 

—M + P(L — ,c) = 0 




M = P(L —.t) 

A as 


(b) Set P = 800 lb. a = 5 ft, L = 12 ft 


i For 

0 < .r < 5 ft 



\ 

1 • 

+ f £/> =0; 

V = 800 lb 

Ans 

| . 

= 0; 

M = 800.r Ib-ft 

Ans 

■For 

5 ft < x < 7 ft 




+ T £6;. =0; 

II 

o 

Ans 


^+£Af = 0; 

-800.it + 800(.r - 5) + M = 0 


i 


M — 4000 lb -ft 

Ans 

|For 

7 ft < j: < 12 ft 




+ f £f, = 0; 

V = -800 lb 

Alls 


^+£A/ =0; 

-M + 800(12 -,v) = 0 




M = (9600 - 800x) Ib-ft 

Ans 




p p 



p 

r-(> 

V 


800 lb 


8(K) 

Ml 

V M 


800 lb 


(a) 


M V 


ftJ* 


12-.r 


1 


80() lb 


8001b 8(X) lb 


JL± 


800 lb 


=1 

800 lb 


5 It 2 ft 5 ft 



7-63. Express the x, y, z components of internal loading 
in! the rod as a function of y, where 0 < y < 4 ft. 


Foe 0 < V < 4 ft 


Ans 
A ns 
Alls 


Efx=0; V, = 1500 lb = 1.5 kip 
£F, =0; V v = 0 
tf.= 0; V t = 800t4 — y) lb 

£.W, = 0; M x - 800(4 - y) = 0 

M x — 400(4 — _v)“ lb* ft Ans 

0; M, + 1500(2) =0 

M y =s -3000 Ib-ft = -3 kip-ft Ans 
EAjf- = 0; M t + 1500(4 - v) = () 




< 4->- 


M z = -1500(4 -y) Ib-ft 


Ans 











7-66. 

beam. 


Draw the shear and 


moment diagrams for the 



* 


up port R tactions : 


C+Z^=0; 

+ Tl/r =0 . 


B y (8) -4(7.25) -4(6.25) -2(4.25) 

-2(3.25)-2(2.25)-2(l.25)-0 

B, = 9.50 kN 

A, +9.50-2-2-2-2-4-4 = 0 

A, = 6.50 IcN 





0 


IZ9 223 +2# (rtf fa 





7-67, Draw the shear and moment diagrams for the 
beam ABCDE. All pulleys have a radius of 1 ft. Neglect 
the weight of the beam and pulley arrangement, The load 
weighs 500 lb. 



• | • 

I 

Support Reactions : From FBD (a). 

C+TMn =0; E, (15)-500(7)-500(3) =0 E, = 333.33 lb 

+ Taj =0; A, +333.33 - 500 = 0 A, = 166.67 lb 

Shear and Moment Diagrams : The load on the pulley *»=“>>* 
rcplaqed by equivalent force and couple moment at D as shown on FBD 

































*7-72. Draw the shear and moment diagrams for the 
shaft. The support at A is a journal bearing and at B it is 
a thrust bearing. 



7-73. Draw the shear and moment diagrams for the beam. 


Support Reactions : 

(+ Ui A fO; B, (10) -10.0(2.5) -10(8) = 0 B, - 10.5 kN 
+ T X/J = 0; Ay + 10.5- 10.0- 10 = 0 A y - 9.50 kN 


2'5)*/0-0 ktl 


tOkft 







7-74. Draw the shear and moment diagrams for the shaft. axi ih 

The support at A is a journal bearing and at B it is a | rrTT^n- 

i thrust bearing. f fTTTfT 




1 f t t 4 ft 


1 375 lb 

300lblt x 

V < lb) 

| 175 

N. 


L .fcx. 

V/A 1.751 

1 —2(X) - d 


*7-76. Draw the shear and moment diagrams for the 
sfiaft. The support at A is a thrust bearing and at B it is 
a journal bearing. 



-200 / 
- 46.895 


7-75. Draw the shear and moment diagrams for the 
beam. 


8kN 

20 kN m I 


8 kN 

20 kN-m I 



14.3 kN 67.3 kN 

2 in i in 2 m 3 r 



M fkN-m) 

3.84 kN 




















7-78. The beam will fail when the maximum moment is 
Man = 30 kip ■ ft or the maximum shear is = 8 kip. 
Determine the largest distributed load w the beam will 
support. 



V ma = 4w; 8 = 4 w 


M ma, =-6w; -30 = -6w 
w = 5 kip/ft 

Tims, w = 2 kip/lt Abs 


f in~ 

7tr 



7-79. The beam consists of two segments pin connected 
at B. Draw the shear and moment diagrams for the beam. 


two* ft I 

r - - k 

i f tft Hfr 
j 1 , 014 - 47 i4 3 


■ 10 7 ft 

»v* t. 




ft . Hz. «&.*-> 

TJJ^ — *(fi) 

^uil ■ '♦) -»o 


• -A«oo . 



I 800 lb ■ ft 


—i— 4 ft---6 ft j 















7-81. The beam consists of two segments pin-connected 
at B. Draw the shear and moment diagrams for the beam. 


200 ib/ft 




X i t O, ip ’ P 


Support Reactions: From FBD (a). (CL) fr*" ' ' J 1 

+ m„=0 ; c, (6) - 0 . 600 ( 2 ) = 0 <;= 0 . 2 C 0kip p if ' ** T 

:+Tl/-=0; fl,+0.200-0.600 = 0 B, =0.400kip B^‘040t!p CfO-ZOQp 070Kif g .^ ^ 

FromFjBD(b). Kip j ? | 

C +ZA ^ =0; ^t -0.700(8)-0.400(12) =0 C J 

= 10.4 kip • ft / < — .»*-* 

+ TZ^ =0; 4, -0.700 -0.400 = 0 A, . 1.10kip ^ */< 

1 Mfl0 4 K;p-ft 

Shear and Moment Diagrams : Hie peak value of the moment for Cb> 

segment !BC can be evaluated using the method of sections. Hie maximum £6 & *• 

moment occurs when y = 0. From FBD (c) x 

+ TZF > =0 - °- 200 -|(^> = 0 * = 2/3ft Lc) * r t l 

Cf»-0; a20Qr -5SHl) _w=0 V’oT x | 


M - 0.200* - - 


;* )*e ~ °- 200 ( 2/3) - p~- = 0.462 kip ft 


fPSR 

rtftO-4 K-f-h cb; 


irC-joty 


/•of ** 


'i(Pif) 


OZoKi? 



AlCfcrfft? 






7-82. Draw the shear and moment diagrams for the beam. 


Support Reactions : From FBD (a), 

(+1^=0; C, (6) - 3.00( 1) - 3.00(5) =0 C } = 3.00 kN 
+ T^=0; A, +3.00-3.00-3.00 = 0 /t,=3.00kN 

Shear and Moment Diagrams : Tie peak value of the moment diagram 
can be evaluated using the method of sections. The maximum moment occur 
at the midspan (x = 3 m) where V = 0. From FBD (b), 

(+IM = 0; 3#-3.00(l) = 0 M = 3.00kNm 





za)tv--$.o<u 



i:(ZX2)*3-Okd 







!"> I 


I v*o 


Cy-S-OtcrJ SoM 













7-84. Draw the shear and moment diagrams for the 
beam. 


Support Reactions : 

M - 7w » L2 
A ~ 24 

+ fzr,=0; . 3 w 0 L 














7-86. Draw the shear and moment diagrams for the beam. 


(5 kip • ft 


15 kip • ft 




6ft —4--10 ft — 


Support Rtactions : From FBO (a), 

j (+ ZMj = 0; B r (10) +15.0(2) +15 

-50.0(5)-15.0(12)-15 = 0 
By = 40.0 lap 

I + T = 0; Ay +40.0- 15.0 - 50.0- 15.0 = 0 

A y =40.0 kip 

Shear and Moment Diagrams : The value of the moment at supports 
A and js can be evaluated using the method of sections (FBD (c)J, 

+£M=0; Af+15.0(2) +15 = 0 M = -45.0 lap ■ ft 


m-.&oxp fetai :i5£Vf> 

i^iP h^l'T ~ | "T;K mp.fi 

V. T‘l i' I i $ 

‘ s-ft T % 1 W+iO 

Ay =44 0 Kif Sy 

S =/5-0kJf> 

r 

'4ft r zf(V 


VOclp) 



fA(vp.H) 


Uf 

It / X lit 


-4S-0 


-450 







M = (_c 2 /2 - x s /A5] N tn 


Ans 




















7-90. Qetermine the tension in each segment of the 
cable and the cable’s total length. 



Equations of Equilibrium : Applying method of joints, we have 


Joint D : 


F Dt -F oc cos6 = 0 


Joint C 


-*Tl/£=0; F di> -F DC sin 6-50 = 0 

i W 34 ; 


Vbccos 9~F ca cos $ = 0 
+ ^csin 6+F CJI sin 0-80 = 0 


Geometry : 


/y 2 +16 

. y* 3 

/y 2 + 6y+18 


VF+Te 


/y 2 + 6y+ 18 


Substimte the above results into Eqs. fIJ, [2], [ 3 ] [4] and solve. We 

nave 




f DC - 43 - 7 !b F DI = 78.2 lb F ca = 74.7 lb Ans 
y = 1.695 ft 


The total length of the cable is 


i = /s 2 + 3 2 + /42 + l .6952 + V3 2 + {1.695 + 3) 2 
= 15.7 ft 


m 


'‘y 1 file P 













7-93. The cable supports the loading shown. Determine 
the distance x B the force at point B acts from A. Set MB 


P == 401b. 



-+£ F, = 0; 

+ Ta; = o; 


= 0 ; 


+ = 0 ; 


Solving Eqs.(l)& (2) 


40 --7.* =T a , - 1 3 

V*| + 25 JUb-W + 64 
5 r _ g 

M + 25 J(x B -3)2 + 64 T ’ C ' 
13x. -15 

-7=8===== =7~,c = 200 (1) 

V(Jt,-3) 2 + 64 


|oo) . 3 r, e - -2=r co 

5 V(x,-3)2 + 64 /i3 

8 2 3 

VUi- 3)* + 64 ^"13 5 V 

30-2*. 

- T-. 5c = 102 (2) 


i 3 » t - 15 _ 200 

30 - 2x. = 102 











r?', 96 - , Th \ Cable su PP° rts the three loads shown. 
Determine the sags y„ and y D of points B and D and the 
tension: in each segment of the cable. 


Equation a of Equilibrium : From FBD (a), 


+ 200( J2) + 500(27) + 300(47) = 0 


From FBD (b). 


+300(20) = 0 


i + 144J y/yj + 144 J~ 


6000 [2] 


Solving Eqs.[l] and [2] yields 


> » = 8 792 ft = 8 79 ft ^ia = 787.47 lb = 787 lb Ana 


Method of Joints : 



= 0; E bc cos 14.60°- 787.47cos 36.23° = 0 

Tic = 656.40 lb = 656 lb Ana 

+ T = 0; 787.47sin 36.23° 

— 656.40sin 14.60° - 300 = 0 (CAeeis/) 


= 0; F cl 


r—~==)-6S6.40c°s 14 .60° = 0 [3J 


+ ta5=0; e cd ( — 14 ~^ 


lyi-2»y a + 421J 

+ 656.40sin 14.60° - 500 = 0 [ 4 ] 


Solving Eqs.[l] and [2] yields 


y D 4 6.099 ft= 6.10 ft F co = 717.95 lb = 718 lb Ana 


Joint B 



-* 4 0; E ce cos 40.08° - 717.95CO s 27.78° = 0 

F de = 830.24 lb = 830 lb Ana 

+ t Xjr - 0; 830.24s in 40.08° 

- 717.95sin 27.78° - 200 = 0 (Checks !) 



ZOO It 







7-97. Determine the maximum uniform loading w, 
measured in Ib/ft, that the cable can support if it is capable 
of sustaining a maximum tension of 3000 lb before it will 
break. 


-j(J wdx^jdx 


At* =0, - = 0 

dx 


At x = 0, y = 0 
C, = C 2 = 0 


w J 

^ " 2F„* 


At x = 25 ft|, y = 6 ft Fh - 52.08 tv 

s tanfl«, = £-x| 
dx Fh I*- 13 « 

= tan'‘(0.48) = 25.64° 


T ,= -. - = 3000 

!COSfl«,x 


Fh = 2705 lb 
tv a 5 1 l 9 ib/ft 





--- 

6 ft 
crkr 



D 

■ 


_ 

B5"' 

n 

Vi- f’ - ' 



7-98. The cable is subjected to a uniform loading of w = 
250 Ib/ft. Determine the maximum and minimum tension 
in the cable. 



From Example 7-14; 


F w 0 Z. 2 250 (50) 2 

Tr--?w“ al3 02I,b 


9mm = tan' 


\2Fh) U (13 021)/ M 


r _ f h 13 021 

"" 7 = — ** 14.4kip An 

cos o am cos 25.64° 

The opimmura tension occurs at 9 » 0°. 

j 

Iitt * = 13.0 kip A ns 







JJ 9 ' faWe AB is subjected to a uniform loading of 
200 N/m. If the weight of the cable is neglected and Ihe 
slope angles at points A and B are 30° and 60" 
respectively, determine the curve that defines the cable’ 
shape and the maximum tension developed in the cable. 



> = jJ(\mdx)dx 


y = ^(ioox 2 + c l x + c t) 

dy 1 

£ = -(200* + C,) 

At* = 0, y = 0; C 2 = 0 

At* = 0, ^ = tan ^0°; C, = ^un30« 

y = + t5,tan30“*) 

At* = 15 m, ^ = tan60°; 75 , = 2598 N 

V = (38.5* 3 + S77*)( 10” 3 ) m A ns 

= 60° 


u.j 


r = - jt 

m<u r— 

cose.. 


2598 
cos60“ 


5196 N 


= 5.20 kN 


Ans 

















7-10L He cable is subjected to the triangular loading If 
the slope of the cable at point O is zero, determine the 
equation of the curve y = f(x) which defines the cable 
shape OB, and the maximum tension developed in the cable. 



y = j-f(}w(x)dx)dx 
f h 

1 500 

= jr}() —xdx)dx 

= + c ' )dx 
1 ,50 , 

' i '? 1 + C <* +C *> 


dy _ SO 2 C, 
dx ~ 34 * + 4 

At* =°. 7 = 0 C, = 0 



159- 1S» 


At* =0, y = 0 C, = 0 


50 , 
y = —x 
94 


Atx = 15 ft , > = 8 ft 4 = 23441 

y = Z37O0-V A ns 


dx — 3(2344)* xm ,j„ 


= tM' l (1.6) = 57.99° 


r ”“ = ^fc = ^5F = 4422,b 


^i« = ^2 kip A ns 













7-103. The cable will break when the maximum tension 
reachs T mm = ]0kN. Determine the sag h if it supports 
the uniform distributed load of w = 600 N/m. 



The Equation of The Cable : 


y= 4 - \ (\w(x)dx)dx 


dy 1 

^ = -(w a x + C t ) 
dx F h 


[11 

[ 2 ] 


Boundary Conditions : 

y* 

dy 


y = 0 at x = 0, then from Eq.(l] 0 = — (C 2 ) C 2 = 0 

f h 


dx 

Thus. 


0atx=0, (hen from Eq.[2] 0 = —(C,) C, =0 

f h 


W 0 2 

dx F„ 


[3] 

[41 


y = h at x = 12.5m, then from Eq.[3] A = ^-(l2.S J ) = w o 

2F„ h 

8 = O^stx = 1Z5 m and the maximum tension occurs when 8 = . From Eq.[4] 

_ w o 


. dy 
Eanfl-.. * — 
dx 


- n ns — * ~ ° 012* fc < 12.5) = 0 . 160 A 

■ 12.3 m —J - w 0 


Thus, 


COS $ ma = 


1 


V0.0256A J + 1 


The maximum tension in the cable is 


T = 

4 oo»x “* 

10 = 


r H 


CM®.*, 

!Lpi(Q.6) 








* 7 ' 104 ' ^ etermine the maximum tension developed in 
he cable if it is subjected to a uniform load of 600 N/m. 



The Equation of The Cable : 


* = jr^»(x)dx)dx 

°/j-Pr 2+c,jt+c 0 


dy 1 

OVr + C.) [ 

Boundary Conditions : 

y = 0 at x = 0, then from Eq.fl] 0 = -I(C,) C, =0 
dy F " 

- = tan 10° atx = 0, then from Eq.[2] tan 10° = i.(C, ) C, =F„mnlO» 


V = rTT-t +tan !0°x 


v = 20 m atx = 100 m, then from Eq.[3) 

„ 600, 

2°=rrr(l00 )+tanl0«(100) F„ = 1 267265.47N 


dy wi) 

~r = —x + tan 10° 
dx F„ 

600 

1 267 265.47 Jr + Bn 10 ° 

= 0.4735( 10' 5 ) jr + tan 10° 


®“ = 100 ra and the maximum tension occurs when 8 = 8 


tane ~’ = JL.,00- =a4735 ( l0 ' 3 ) C'00)+tan 10° 


= ii6i° 


The maximum tension in the cable is 

■r _ F„ 1 267 265.47 

S 1 I " ■■ = 


12.61“ = ^ 579.00 N ■ 1.30 MN A ns 







■7405. A cable has a weight of 5 lb/ft. If it can span 300 
ft and has a sag of 15 ft, determine the length of the cable. 
The ends of the cable are supported at the same elevation. 


= 5 lb/ft 

Prom Example 7-15, 

y = ~-i A) - 1 ] 

w 0 

At jc = 150 a y = 15 ft 



s = 151.0 ft 

L = 2s = 302 ft Ans 


p 7-106. Show that the deflection curve of the cable 
discussed in Example 7-15 reduces to Eq. (4) in Example 
7-14 when the hyperbolic cosine function is expanded in 
terms of a series and only the first two terms are retained. 
(The answer indicates that the catenary may be replaced 
by a parabola in the analysis of problems in which the sag 
is small. In this case, the cable weight is assumed to be 
uniformly distributed along the horizontal.) 


cosh x « 1+ — + 

2 \ ' 


Substituting into 




tvo-t 2 

2F„ 

Using Eq.(3) in Example 7-14. 

p »o L 1 

%h 


We get y „ 


QED 











7-109. Hfe transmission cable having a weight of 20 Ib/ft 
is strung across the river as shown. Determine the 
required force that must be applied to the cable at its 
points of attachment to the towers at B and C. 



w f 20 ib/ft 
From Example 7-15, 

y =i ^[cosh(|ix) - 1] 

"'o F„ 

At B: 


10 4 Jj[cosli(j|(50)) - 1J 


Solving, 

F„ = 2532 lb 


dy 




20(50) 


- - sinh^x - sinh(^) = 0.40529 

0 = fan"'(0.40529) = 22.06° 

2532 

(3 H* = cos22.06” = 2732 lb = 2 73 kip Ans 
AtC:l 

5 = Sinh( ^ )j: = sinh( ^^> = 0.6277 
0 = tsjn''(0.6277) = 32.12° 

(r««)c = 2532/cos32.12° = 2989 lb = 2.99 kip Ans 





7-110. The cable weighs 6 lb /ft and is 150 ft in length 
Determine the sag A so that the cable spans 100 ft Rnd 

the minimum tension in the cable. 


Deflection Curve of The Cable: 



[l+ (!//•?) (jw,,*)*] 4 


where w 0 = 6 lb/ft 


Performing the integration yields 


C = : |{ sinh ' 1 ^< & r + c t )] + c i } 


From Eq^ 7 ~ 14 


2£(*+<:,> 


Boundary Conditions : 


— =0 at^O. From Eq. [2] 0= — (0+C,) C, = 0 


Then, Eq.i[2] becomes 


dy n (ts 
— = tanf? = — 
rfa F„ 


s = 0 atx e 0 and use the result C, =0.FromEq.ft] 


' 6 £ { sinh ’'[^ (0+ 0)] +C i} C i*° 


Rearranging Eq.[l], we have 


f h ft 

s = — sinh — > 
6 V. /if 


Substituting Eq.[4] into [3J yields 


£"“(r) 


Performing the integration 


F„ ft 
y s —eoshf— 


(r)* c> 


y = 0 at a: =p 0 . From Eq.[5] 0 * ^cosh 0+C,. thus, C, . JlL 


Then. Eq. [5] becomes 


'tHtH 


s -IS ftatjr *50ft FromEq.[4] 


By trial and error 


75 = jsmh[^(5°)] 


F h = 184.9419 lb 


The maximum tension occurs at 9 * S mit = o°. Thus, 


r - f h 184.9419 

7*i« - a — *- —— — 185 lb 

COS^mi. COS0° 


y = h atx = 50 ft From Eq. [6] 


184.9419 






7-111 A telephone line (cable) stretches between two 
points which are 150 ft apart and at the same elevation. 
The line sags 5 ft and the cable has a weight of 0.3 Ib/ft. 
Determine the length of the cable and the maximum 
tension in the cable. 



w = 0.3 Ib/ft 
Ftom Example?-15, 

Fu w 

s = — sinh(— x) 

W Fj, 


Fu w 

> = ~[cosh(—x) - 1 J 


At x = 75 ft, y = 5 ft, w = 0.3 lb/tt 

F„ = 169.01b 

dy\ w , 

5; = <** 6 „„ = sinh(—x) 

F H I*-75 ft 

= tan'‘[slnb(^^)] = 7.606" 


T.„ = 


169 


cos0„„ cos7.606° 
169.0 0.3 


1701b 


' = lT sloh W 75)i = 7522 


A ns 


L = 2s = 150 ft 


Ans 








■*7-m Thecable has a mass of 0.5 kg/m and is 25 m 

fS ? ete ™ VerticaJ and horizontal components of 
force it exerts on the top of the tower. 



ds 


jl + -^(w 0 fir) 2 j 


Performing the integration yields: 

*=^M^ +Ci) M 111 

From Eq. 7-13 

1 = 1 ( 4 . 905 ^ 0 ,) 

dv 

At r = 0; — = tan30°. Hence C, = /5,tan30° 

ax 



dy 4.905r 
<t* 2Sr 


+tan30° 


[ 2 ] 


Applying boundary conditions at x = 0; j = 0toEq.[l] and using the result 
C, =25,tan30° yields Cj =-sinh''(tanJO^. Hence 

* = 11 jslnh'^l (4.905j+f5,tan30°)J-stah““(tan30 o )| [3] 

At jc = 15 m; r = 25 m. From Eq.{3] 

15 = 11 |sinh"|l (4.905(25)+F„tan30°)j- slnh~'(tan30°) j 

By trial and error F„ = 73.94N 

At point/, r = 25 m From Eq.[2J 
dy | 4.905(25) 


tanfl, = — 


itl.-JSo. 73.94 
(f r ) A mF H Un8 A = 73.94tan65.90° = 165 N 


+tan30° 0 A = 65.90° 
Ans 


TO,=4 = 73-9N 


Ans 








/»7-113. 50-ft cable is suspended between two points 

a distance of 15 ft apart and at the same elevation. If the 
minimum tension in the cable is 200 lb, determine the 
total weight of the cable and the maximum tension 
developed in the cable. 


- F„ . 2001b 
Prom Example 7 -15 : 



Solving, 


tv 0 = 79.9 Ib/ft 


Tool weight = w 0 l = 79.9 (50) = 4.00 kip Am 






7-114. The man picks up the 52-ft chain and holds it just 
high enough so it is completely off the ground. The chain 
has points of attachment A and B that are 50 ft apart. If the 
chain has a weight of 3 lb/ft, and the man weighs 150 lb, 
determine the force he exerts on the ground. Also, how high 
h must he lift the chain? Hint. The slopes at A and B are 


zero. 





[5] 


Equation of Equilibrium : By considering the equilibrium of the man, 

+ T I/r a 0; N m -150-2(78.00) =0 N m = 3061b A ns 








7-115. The balloon is held in place using a 400-ft cord that 
weighs 0,8 ib/ft and makes a 60° angle with the horizontal. 
If the tension in the cord at point A is 150 lb, determine the 
length of the cord, /, that is lying on the ground and the 
height h . Hint. Establish the coordinate system at B as 
shown. 


Defection Curve of The Cable : 


[l + ( I/^h) 


-7 where w 0 = 0.8 lb/ft 


Performing the integration yields 


iUfi 

0,81 |F« 


From Eq. 7-14 


(O.&r+C,) I 


dy 1 f 1 

-£ = -K* = -(0.8,+C,) 

dx F„ F„ 


Boundary Conditions : 

— = 0ati = 0.FromEq.[2] 0 = -i(0+C,) C, =0 



From Eq.{3] 


T— ^ , cn Fff 

T ~^e 150 = ^F F « =75 0,b 


- = tan60° = _ ,= 162.38ft 

/= 400-162.38 = 238 ft 


Substituting s = 162.38 ftinto Eq.[4], 


Then, Eq.f2] becomes 


dy 0 . 81 

— =tanO = —- 
dx F h 


j = 0 at jr i 0 and use the result C, = 0. From Eq.[l] 


:^jsinh- , |-L(0+0)j + C I J Cj = 0 


Reai-.-angingEq.fi], we have 


0.8 J 


Substituting Eq.[4] into [3] yields 


Performing the integration 


F h f0.8 > 

I = —cosh —JT +< 
0.8 {F„ ) 


y = Oat* = 0. From Eq.[5] 0 = ^cosh 0+Cj , C , . 

Then. Eq.fS] becomes 0.8 

'■“Hr)-'] t 

The tensioi^ developed at the end of the cord is 7= 150 [ b and 9 = 60°. Thus 


38 = g sinh gi x ) 
*=123.46 ft 


y » h Ux m 123.46 ft From Eq. [6] 

. _ 7 J -0r ,ro.8 


^[ c osh[H ( 123.46 ) ]- , ] = 93.75ft An, 














7- 117, Determine the distance a between the supports 
in terms of the beams length L so that the moment in 
the symmetric beam is zero at the beam’s center. 


Support Reactions :. From FBD (a). 

(***• * r<w(f)-j, 

Free body Diagram : Tie FBD for 


(a)=0 B,=-(L +a) 


C is drawn. 


segment AC sectioned through point 


Interna^ Forces : This problem requires M r , 0 Summm 
about point C[FBD (b)J. we have Sumram 8 moments 


(4 SM C = 0; 2f!) + Z (l _jri 


2 \4J 4 


-*)[ \( 2 a+L)] 


2a +2aL~L 2 = 0 
" = 0.366i 




A ns 


7-m DraW the shear and moment diagrams for the beam. 

















7-121. Determine the normal force, shear force, and mo¬ 
ment at points B and C of the beam. 


TT~~ 


■ 5 -4*-5 m-■ [ *• ) ■ 3 m 

1 m 


i} 

40 IcN - in 


tree body Diagram: The Support reactions need not be computed for 
this case. 

internal forces: Applying the equations of equilibrium to segment 
DC iFBD (a)|, we have 

! “*■ ^ ^ H<: = 0 Ans 

j+t E F y —0; V c -3.00-6 = 0 V c = 9.00 kN Ans 
i^+Z /W (; = 0; -M c - 3.00( 1.5) - 6(3) - 40 = 0 

Me = -62.5 kN m Ans 


wej have 

=0: 

SC 

II 

© 

f t =0; 

I's - 10.0 - 7.5 - 4.00 - 

1 

V„ = 27.5 kN 


^+TM„ = 0; - 10.0(2.5) - 7.5(5) 

-4.00(7) - 6(9) - 40 = 0 
M„ = -184.5 kN m 


1(3) = 3.0 kN 6 kN 
,1.5 ml 1.5 m I 



2(5) = 10.0 kN 7.5 kN 


f“ 

1 


1(4) : 

= 4.0 kN 

_..j 

1 



■ i 

1 ,_^====== 


L_. 




F 2.5 m 

2.5 m 

2 m 

2 m ' 








7-132. A chain is suspended between points at the same 
elevation and spaced a distance of 60 ft apart. If it has a 
weight of 0.5 Ib/ft and the sag is 3 ft, determine the 
maximum tension in the chain. 


Performing the integration yields : 



From Eq. 7-13 

± = ±jw„* 

dx F„ ] 
dx F„ ! 

dy 

At J = 0; — “0 hence C t =0 

I- dx 


dy 


0.5r 

“IT 


12 ) 


Applying boundary condition* at^-O; r-OioEq.U] Mid wing the mini. C, > 0 
yields Cj * 0. Hence 




(3] 


Substituting Eq.[3) into [2] yields : 


(■*] 


Performing the integration 

F 

Applying boundary conditions at x ** 0; y = 0 yields C 3 - • Therefore 


ym M 

y 0.5 [ 

Hs*) 

-] 



At x=»3j 

Oft; y = 

3 ft 

3_ «H 

<0.5 

(/H- 1 

By trial 

and error 

fir 

= 75.25 lb 


At x = 3 

10 ft; 0-= 


From Eq.[4] 


■ 

tan 6 max 

dX l*«30f 

* sinhj 

'0.5(30)', 

, 75.25 J 

„ « 11.346* 



75.25 

— = 76.7 lb. 

A ns 

T maj — -i 
« 

:osB.„ cos 11.346® 












